Abstract. The high frequencies of recurrence and distant metastasis of adenoid cystic carcinoma (AdCC) are significant obstacles for the long-term cure of patients with AdCC and emphasize the need for better understanding of the biological factors associated with these outcomes. To identify proteins that mediate AdCC metastasis, we established three AdCC cell lines expressing green fluorescent protein (GFP) from the ACCS cell line using orthotopic transplantation and in vivo selection in nude mice: Parental ACCS-GFP, highly tumorigenic ACCS-T GFP and metastatic ACCS-M GFP. ACCS-GFP and ACCS-M GFP were subjected to DNA microarray analysis and the results were used for data mining studies. DNA microarray analysis revealed significantly altered biological processes in the ACC-M GFP cells, including events related to cell adhesion (three categories) and signaling (three categories). In particular, a significant down-regulation of cell adhesion molecules, such as cadherins and integrin subunits was observed. The loss of E-cadherin and integrins and the gain of vimentin in ACCS-M GFP cells were confirmed by immunoblotting. These results suggest that epithelial-mesenchymal transition (EMT) is a putative event in AdCC metastasis that induces tumor cell dissemination from the primary tumor site. In summary, in this study we established a useful nude mouse metastasis model which will enable further AdCC metastasis research and clinical treatment trials and we also provide evidence that EMT is significantly involved in the AdCC metastatic process.
Introduction
Adenoid cystic carcinoma (AdCC) is one of the most common malignant tumors of the salivary glands and is characterized by unique clinical features and behavior. Typically, AdCC grows slowly, but spreads relentlessly into adjacent tissues. The frequencies of recurrence and distant metastasis of AdCC are markedly high, with 40-60% of AdCC patients developing distant metastases in the lungs, bone and soft tissues (1-4). Therefore, distant failure remains a significant obstacle to the long-term cure of patients with AdCC and emphasizes the need for a better understanding of the biological factors associated with AdCC distant metastasis.
The metastatic spread of tumor cells is a complex multistep process. In order to metastasize, tumor cells first need to invade through a basement membrane, detach from the primary tumor mass, enter the circulation, and travel to a distant secondary site where they expand rapidly (5) (6) (7) . Each of these steps is essential and requires interactions between tumor cells and their microenvironment (8) . Unlike common malignant tumors, AdCC cells produce large amounts of extracellular matrix (ECM), consisting of collagen, elastin, basal lamina components and mucopolysaccharides (9) . These ECM components can accumulate in intercellular spaces, resulting in the formation of a pseudocyst, which is the characteristic architecture of AdCC (10) . Consequently, as AdCC cells can become surrounded by their own ECM, in addition to normal host connective tissue, the mechanisms of invasion and metastasis of AdCC cells are unique from those of other malignant tumors of the oral cavity, particularly in the interaction with the ECM.
In a previous study, we demonstrated that AdCC cells can degrade considerable amounts of mesenchymal-derived ECM, mainly via the uPA-plasmin cascade (10) . Moreover, the migration responses of all AdCC cell lines to ECM, particularly types I and IV collagen, are significantly stronger than those of squamous cell carcinoma (SCC) cell lines, even though both cell types generally express similar patterns of integrin subunits (11) . In addition, anti-α 2 integrin antibodies significantly and exclusively inhibit the enhanced migration of AdCC cells to collagen (12) . Although these findings related to ECM degradation and migration were obtained using in vitro invasion models, in order to investigate the mechanisms of invasion and metastasis of AdCC, an in vivo model would be required.
In this study, we established a highly metastatic subline from the AdCC cell line, ACCS, using orthotopic transplantation in the nude mouse. The derived metastatic and parental cell lines were then subjected to DNA microarray analysis with 54,000 gene probes. We report the results of data mining analysis used to identify uniquely expressed genes in metastatic cells, which were validated using ACCS cell lines. both the computational and experimental validation highlight the biological alterations associated with metastatic ACCS cells.
Materials and methods
Cells and culture. In a preliminary experiment, four AdCC cell lines were tested for tumorigenicity: ACCS (9) (10) (11) (12) , ACCT, and ACCh, which were established in our laboratory, and Acc-3 (13), which was established at the Shanghai Second Medical university. These cell lines were maintained in Dulbecco's Modified Eagle's Medium (DMEM; SigmaAldrich, St. Louis, Mo, uSA) supplemented with 10% fetal bovine serum (FbS; Filton Pty, brooklyn, Australia), 2 mM L-glutamine, penicillin G and streptomycin in a 5% CO 2 incubator at 37˚C.
Plasmid and transfection.
To detect the local growth and metastasis of inoculated cells in mice, ACCS cells were transfected with the pEGFP-N1 vector (Clontech, Palo Alto, CA, USA) using the FuGENE 6 transfection kit (Roche Diagnostics, Indianapolis, IN, uSA) according to the manufacturer's instructions. Colonies that exhibited resistance to geneticin (G418, Sigma-Aldrich) were pooled from the individual transfection experiments. In order to obtain cells that homogeneously expressed green fluorescent protein (GFP) clones, a pool of geneticin-resistant colonies was selected using green fluorescence (ACCS-GFP). The selected cells were maintained in DMEM containing 10% FbS and 1 µg/ml geneticin.
ACCS metastatic orthotopic implantation mouse model and in vivo selection.
The animal experimental protocols were approved by the Animal Care and Use Committee of Kyushu University. Eight-week-old female athymic nude mice (bALbcAJcl-nu) were purchased from Kyudo (Fukuoka, Japan). The mice were housed in laminar flow cabinets under specific pathogen-free conditions in facilities approved by Kyushu University. For the experimental metastasis studies, 1x10 6 cells in 40 µl phosphate-buffered saline (PbS) were injected into the tongue using a syringe with a 27-gauge disposable needle (ToP Plastic Syringe, Tokyo, Japan) under intraperitoneal diethyl ether anesthesia. The primary tumor volumes were measured weekly, calculated as the length x width x thickness, and mice were sacrificed when the primary tumor volume reached 100 mm 3 . After sacrifice, the tongue, cervical lymph nodes, lungs and liver were observed macroscopically. Tumors and the metastasis of GFP-transfected clones were also visualized macroscopically under light excitation. After visualization, the primary tumors and metastatic sites were examined pathologically and immunohistochemically.
Primary AdCC tumors were cultured on plastic tissue culture dishes using an explant cell culture method. Cloned cell lines from the primary lesion were then re-injected into the tongues of nude mice using an identical method and the process was repeated to select a metastatic phenotype (in vivo selection).
Evaluation of tumor dissemination from the primary cancer nest. Tumor dissemination potential from the primary cancer nest was evaluated by an in vitro invasion assay, as described previously (14) . briefly, 1x10
6 of the ACCS subline cells were pelleted and re-suspended in 10 µl of collagen type-I gel to form a solid cell cluster. The collagen-embedded tumor cell pellets were allowed to solidify for 30 min at 37˚C in a 100-µl microcentrifuge tube. The pellets were then embedded in collagen type I-gel containing non-labeled fibroblasts (1x10 5 cells/ml) and solidified. Growth medium was placed over the collagen gels, and the cells were cultured in a 5% CO 2 incubator at 37˚C. The grade of tumor dissemination from the tumor cell pellet (mimic for the primary tumor nest) was evaluated by measuring the distance of all cells from the edge of the nest in five randomly selected standardized rectangular light fields (500x100 µm) under a fluorescence microscope (bz-8000; Keyence, osaka, Japan), and the values were summed. The evaluation was performed twice daily for seven days.
DNA microarray analysis. Total RNA was prepared using TrIzol reagent (GibcobrL Life Technologies, rockville, MD, uSA). rNA samples were prepared from the ACCS-GFP cell lines and the metastatic clone ACCS-M GFP, which was established after the fourth round of in vivo selection. DNA microarray hybridization and scanning were performed using the Affymetrix GeneChip hG-U133A plus 2.0 array. Statistical analysis (Student's t-test) and a fold-change filter (>3.0) were performed sequentially to select the most significant genes. Using the Gene Ontology Analysis feature of GeneSpring GX software, the significantly expressed genes were categorized into specific biological processes defined in the Gene ontology Database. Each process that contained significantly expressed genes was ranked according to significance using the P-value overlap of experimentally significant genes with known genes in each biological process.
Immunoblot analysis. In order to visualize cell adhesion molecules, cells were rinsed with PbS and lysed in ice-cold buffer [50 mM Tris-hCl (ph 7.5), 150 mM NaCl, 2 mM EGTA and 1% Triton X-100] containing protease inhibitor cocktail (Sigma-Aldrich). In some experiments, cells were fractionated using an ultracentrifuge, as described previously (15, 16) . briefly, cells were harvested in 1 ml ice-cold PbS containing protease inhibitors, and cell structures were destroyed using an ultrasonic sonicator for 2 min, followed by 10 passages through a 27-gauge needle. The nuclei were removed in two 15-min centrifugation steps at 500 x g. The resulting supernatant was centrifuged at 12,500 x g to yield a crude cytosolic fraction (supernatant) and a membrane pellet comprising of the mitochondria, endoplasmic reticulum and plasma membrane (pellet). The crude cytosolic fraction was then centrifuged for 30 min at 100,000 x g to yield a pure cytosolic fraction. The membrane pellet was re-suspended in 0.5 ml 1% Triton lysis buffer to solubilize the membranes and the embedded or associated proteins.
The protein content of the lysates and fractionated samples was quantified using a protein assay kit (bio-rad Laboratories, CA, USA). Equal amounts of protein from each sample were re-suspended in SDS sample buffer [10% SDS, 62.5 mM Tris-hCl (ph 6.8) and 50% glycerol]. Prior to electrophoresis, reduced samples were adjusted to 5% (v/v) 2-mercaptoethanol and boiled for 5 min. The samples were separated on 7.5 or 12.5% SDS-polyacrylamide gels and transferred electrophoretically onto nitrocellulose membranes (bio-rad Laboratories). After blocking with 5% skimmed milk in Tris-buffered saline containing 0.1% Tween-20 (TbS-T), the membranes were incubated overnight with primary antibodies at 4˚C, followed by horseradish peroxidase-conjugated secondary antibodies (DAKo, Carpentaria, CA, uSA) for 1 h. The bound antibodies were visualized using ECL immunoblotting detection reagents (Amersham Pharmacia biotech, uK).
The primary antibodies used for immunoblotting were as follows: Mouse monoclonal antibodies against integrin α1 (MAb1973), integrin α3 (MA2290) and integrin β1 (MAb2247), and rabbit polyclonal antibody against integrin α4 (Ab1924), were purchased from Chemicon International (Temecula, CA, USA); rabbit polyclonal antibodies against integrin α2 (sc-9089), integrin α6 (sc-13542) and integrin α5 (sc-10729), and mouse monoclonal antibody against vimentin (V9), were purchased from Santa Cruz biotechnology; mouse monoclonal antibody against E-cadherin was purchased from bD Transduction Laboratories (Franklin Lakes, NJ); rabbit polyclonal antibody against β-catenin was purchased from Upstate (Temecula, CA, USA); and mouse monoclonal antibody against β-actin (A5316) and rabbit polyclonal antibody against connexin 43 (C6219) were purchased from Sigma-Aldrich.
Results
In the preliminary experiment, four AdCC cell lines were tested for tumorigenicity: ACCS, ACCT, ACCh and Acc-3. None of these cell lines were tumorigenic when 10 6 cells were injected into the tongues of nude mice. As we identified a tumor mass in the tongue of only 1 of the 6 nude mice at 13 weeks after injection of the ACCS cells, the ACCS cell line was selected and used for subsequent studies on tumorigenicity and metastasis.
In vivo selection of a tumorigenic and metastatic AdCC cell line. The parental cell line ACCS and the GFP-transfected subline ACCS-GFP displayed similar morphologies, growth rates, and tumorigenicities, both in vitro and in vivo. Similar to the parental ACCS, the tumorigenicity of ACCS-GFP cells was low (22.2% incidence, Table I ). In the ACCS-GFP cells, tumor formation in the tongue injected with tumor cells was clearly observed under excitation light ( Table I . Tumorigenicity and metastatic potential of the ACCS sublines.
Tumorigenicity Metastasis higher tumorigenic clones by repeatedly recovering cells in vitro and transplanting them into the tongues of nude mice. Consequently, the subline ACCS-T GFP exhibiting high tumorigenicity (100% incidence) was obtained through this in vivo selection process. Fig. 1D and F) . At 5-7 weeks, when the primary tumor reached a size of 100 mm 3 , autopsies showed that the ACCS-T GFP cells had metastasized to the submandibular lymph nodes (50% incidence, Fig. 1D ) and lungs (31.3% incidence, Fig. 1F and Table 1 ). Using two more rounds of in vivo selection, we obtained and selected another subline, ACCS-M GFP, which had greater metastatic ability than ACCS-T GFP (Fig. 2) . All 9 mice injected with ACCS-M had lymph node metastases, while 6 of the 9 had lung metastases (Table I and Fig. 1C-F) . The histological features of ACCS-T GFP and ACCS-M GFP tumors were similar to the solid pattern of AdCC (Fig. 3) . We also examined the expression of salivary gland tumor-specific antigens immunohistochemically (data not shown). Several groups of cells in the tumor masses derived from ACCS-T GFP and ACCS-M GFP expressed calponin, α-SMA, c-kit and p63, which suggested the existence of myoepithelial cells of salivary gland carcinoma.
Analysis of invasive and metastatic characteristics of highly metastatic AdCC cells by in vitro invasion assay.
To evaluate the invasive and metastatic characteristics of the ACCS cell lines, we performed a newly established invasion assay using fibroblast-containing collagen type I, which mimics cancer mesenchymal tissue, as described previously (14) . In this assay, cancer cells are allowed to form highly concentrated tumor nests, and subsequent cell migration through the ECM, which closely mimics the conditions found in vivo, is measured. After tumor cell clusters were formed by each cell line, ACCS-GFP cells showed tight primary nests and ring-like structures with homophilic intercellular adhesion (Fig. 4A) . In contrast, the ACCS-M GFP cells had clearly migrated from the cancer nests (Fig. 4C) . Evaluation of the invasion status revealed a significant induction of cancer cell dissemination by ACCS-M GFP cells, which was ~2.5-fold greater than the ACCS-GFP cells (Fig. 4D) . Taken together, these results suggest that ACCS-M GFP cells have lost the homophilic intercellular adhesion, thus inducing cancer cell dissemination from cancer nests.
Identifying the most significant biological activities supporting metastasis by mining DNA microarray data. To understand the differences between metastatic and non-metastatic cells at the molecular level, we performed DNA microarray analysis using parental ACCS-GFP and ACCS-M GFP cells. Total RNA extracted from these cell lines was hybridized to the Affymetrix GeneChip hG-U133A plus 2.0 array, which contained 47,000 transcripts, including 38,500 known genes. After normalization, the data were filtered using the Student's t-test (P<0.01) and a threshold of 3-fold change in expression between ACCS-GFP and ACCS-M GFP, resulted in a list of significant genes containing 352 known transcripts. Table II shows the top 20 up-and down-regulated genes from the significant genes list. Notably, a significant up-regulation of cell-signaling molecules was detected in ACCS-M GFP cells (underlined words).
We then performed a GeneSpring gene ontology analysis. The top 20 (P<10 -7 ) genes that significantly altered biological processes as selected by GeneSpring GX are listed in Table III . Genes involved in 'organismal physiological processes' were identified as the most significant biological function in ACCS-M GFP cells, and the top ten up-and down-regulated genes are shown in Table IV . Most strikingly, the expression of connexin 43 (gap junction protein α1) was highly up-regulated (140-fold) in the ACCS-M GFP cells. It should also be noted that ECM genes, such as fibronectin were down-regulated in this group. Events related to cell adhesion (three categories) and signaling (three categories) dominated the top 20 list of significantly altered biological processes (Table III) . The findings from the DNA analysis strongly support the results of the in vitro invasion assay as well as those from our previous observations of marked differences in the expression of adhesion molecules and adhesion-related signaling in AdCC cell lines compared to SCC cell lines (11, 12) . Consequently, we focused on the analysis of genes related to cell adhesion, several of which were among the most significantly up-and down-regulated genes summarized in Table II (words in bold). In particular, the significant down-regulation of cell adhesion molecules, such as cadherins and integrin subunits was observed. The loss of ECM proteins was also significant. In contrast, other cadherins (cadherin 18 and 19) were strongly up-regulated.
Alteration of the expression pattern of E-cadherin, integrins
and vimentin on tumorigenic and metastatic cells. As altered epithelial cell adhesion-related gene expression in the highly metastatic ACCS-M GFP cell line clearly indicated that these cells differed from the parental ACCS in epithelium identity, we examined whether ACCS-M GFP cells changed the expression of adhesion molecules during the establishment process using immunoblotting (Fig. 5A ). Our analysis revealed that E-cadherin was lost only in ACCS-M GFP cells. Similar findings were observed for α1, α2, α3, α4, α6 and β1 integrins in ACCS-M GFP cells, while α4 integrin was relatively stable in all of the established ACCS sublines. The increased expression of integrins α3 and α6 was observed in the tumorigenic ACCS-T GFP cells as opposed to the ACCS-GFP cells. In contrast, vimentin, a mesenchymal cell marker protein, was up-regulated in the ACCS-M GFP cells. The expression level of connexin 43 was also significantly up-regulated in the ACCS-M GFP cells, as indicated in the DNA microarray analysis.
We then fractionated the cell lysate into cell membrane and cytosolic fractions using an ultracentrifuge fractionation Table II. The 20 most significant up-and down-regulated genes in highly metastatic ACC-M GFP cells. procedure. Notably, β-catenin, a partner protein of E-cadherin, was found only in the membrane fractions of ACCS-GFP and ACCS-T GFP cells, while β-catenin was also found in the cytosolic fraction of ACCS-M GFP cells (Fig. 5b) .
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Discussion
Invasive growth and distant metastasis are characteristic clinical features of AdCC compared to other malignant tumors of the oral cavity, and represent significant barriers to the treatment of the disease. We have been studying the mechanisms of invasion and metastasis of AdCC using in vitro invasion models (12, 17) . however, metastasis is a complicated process that is difficult to mimic in vitro. Therefore, it was important to establish a spontaneous metastasis model for AdCC using orthotopic implantation. however, we found that the cultured AdCC cell line was merely tumorigenic in the nude mouse. This is the first study to establish a spontaneous metastasis model of AdCC using orthotopic implantation and tumorigenic cell lines with metastatic potential from an AdCC cell line. The pathological features of the primary tumor sites were similar to those of solid-type AdCC, with the expression of calponin, α-smooth muscle actin, and p63 demonstrating that the tumor was in fact AdCC. The primary tumor of the metastatic clone (ACCS-M GFP) was also more solid than that of the tumorigenic clone (ACCS-T GFP). These features resemble the clinical characteristics of solid-type AdCC, which is more invasive and metastatic than the other types of AdCC. The results of the in vitro invasion assay showed a significant induction of cancer cell dissemination from the primary tumor nests in the ACCS-M GFP cell line. As this assay evaluates E-cadherin-mediated tumor cell dissemination (14) , these data support the invasive and metastatic character of the primary implanted tumor of ACCS-M GFP in vivo and suggest that molecular alteration of cell adhesion molecules occurs on ACCS-M GFP cell surfaces. One explanation for the success of in vivo selection and changes in metastatic character is the inherent genetic heterogeneity of malignant cells. As malignant cells contain subpopulations with different biological characters, during in vivo selection, a subpopulation with metastatic potential could come to dominate the population. It is also possible that genetic alteration leading to increases in metastatic potential spontaneously occurs in vivo or in vitro, as ACCS-M GFP was established from a primary tumor and not from metastatic lymph nodes and was passaged in vitro. A similar transformation of an AdCC cell line has been reported during serial passage in vitro (18) . Therefore, the identification of the critical genes related to metastasis will be important for understanding AdCC metastasis.
The DNA microarray analysis of human tumor specimens to identify metastasis-related genes has been reported in several types of cancer, including head and neck cancer (19) (20) (21) (22) (23) . Genes identified from these analyses are typically involved in cell migration, invasion, angiogenesis, proliferation and chemotaxis. Although a profile of these genes would be useful for the diagnosis and prediction of metastasis, it is difficult to translate the results from DNA microarray data due to tumor heterogeneity and the difficulty of conducting Rows in bold indicate cell adhesion-and cell signaling-related processes.
functional analyses. The establishment of an animal metastasis model, as described here, allows for the functional analysis of acquired genes and their products. Translational research using DNA microarrays in an AdCC metastatic model is particularly important given the characteristic invasive and metastatic behaviors of AdCC. Similarly, other research groups have reported the use of cell lines from breast cancer animal models for DNA microarray analysis (24) . In this study, we compared the expression profiles of ACCS-GFP and ACCS-M GFP cells on a DNA microarray, as this should reflect the elements responsible for AdCC tumorigenicity and metastasis, and observed a total of 352 highly significant genes with fold changes of >3. Moreover, 57% had fold changes of >5. This large number of significant genes resulted in significant overlap (P<10 -7 ) with listed biological processes and functions as defined by GeneSpring. The most significant biological processes were organismal and physiological processes (Table III) . Of the genes in this group, the expression of connexin 43, an abundant gap junction protein, was increased the most significantly (170-fold) in ACCS-M GFP cells. The association of connexin 43 with cancer metastasis is controversial, as the loss of this protein is often observed in cancer tissues (25, 26) . however, the increased connexin 43 expression in lymph node metastases has been reported in breast and prostate cancers (27, 28) . The role of connexin 43 in metastasis is also supported by its ability to mediate heterocellular gap junctional communication, which enhances cancer cell diapedesis, the migration of fibroblasts and vascular endothelial cells through mesenchymal tissues, and the extravasation of cancer cells (28, 29) . In addition, connexin 43 is also up-regulated in micrometastasis and tumor vasculature, and markedly so in tumor cell-endothelial cell contact areas, whether in pre-existing vessels or in newly formed tumor vessels (30) . These studies strongly suggest that connexin 43 accelerates tumor extravasation and adhesion to endothelial cells at distant sites. our DNA microarray data mining analysis provides important information for understanding the biological behavior of metastatic AdCC cells. Not surprisingly, processes related to cell adhesion were identified as significantly altered biological processes in the metastatic cells. In contrast to the up-regulation of the gap junction protein connexin 43, significant down-regulation of cell adhesion molecules, such as E-cadherin was also observed. The loss of typical epithelial cell markers, such as E-cadherin, and the gain of mesenchymal markers, such as vimentin, are hallmarks of epithelial-mesenchymal transition (EMT) (31) (32) (33) , and were found significantly more often in the metastatic AdCC cells (ACCS-M GFP). There is also evidence showing that EMT is involved in a de-differentiation process in epithelial tumor progression, which serves to interrupt cell-to-cell contact in tumors in a homocellular fashion, allowing for the dissemination of single cells from the primary site (34) . Therefore, EMT could be an important phenotypic alteration promoting non-metastatic tumor transition to metastatic carcinoma (34, 35) . As E-cadherin transduces signals through its partner protein β-catenin, which binds to E-cadherin and transduces various signals to cell-signaling molecules, the loss of E-cadherin does not only disrupt cell-to-cell contact, but also affects more significant signaling events. For example, the proteolytic disruption of E-cadherin or the induction of E-cadherin repressors disrupts E-cadherin/β-catenin complexes at the plasma membrane, which strongly enhances cytoplasmic β-catenin and target gene transcription leading to cell proliferation or EMT/migration (36, 37) . our observations of the down-regulation of E-cadherin and increased expression of vimentin and cytoplasmic β-catenin in the metastatic cell line suggest the involvement of EMT in ACCS metastasis and are consistent with other studies of head and neck and breast cancers (38) .
We also found indications of altered integrin expression following tumorigenic and metastatic cell line establishment. In tumorigenic ACCS-T GFP cells, integrin expression was higher than in the parental ACCS cells, whereas the loss of integrin expression was found in the metastatic ACCS-M GFP cells. It is reasonable to suggest that tumorigenicity requires strong ECM and cell-to-cell binding, while metastasis requires detachment from the matrix or cells. Of note, α5 integrin expression was stable in all the ACCS sublines. An important role of α5β1 integrin in tumorigenicity or organ-specific metastasis has been reported in certain tumor cell types (39) (40) (41) . For example, in a spontaneous metastasis model involving Chinese hamster ovary (ChO) cells expressing integrin α5β1 at various levels, kidney metastasis did not develop in the ChO cells expressing high levels of α5 integrin (41). These findings suggest that there is a specific level of α5 expression on tumor cells that leads to metastasis. however, it is not clear how α5β1 integrin affected the tumorigenicity or metastasis of the ACCS cell lines in our study.
In summary, we established an AdCC orthotopic implantation animal metastasis model by generating AdCC cell sublines with tumorigenic and metastatic potential. DNA microarray analysis of this metastasis model provided valuable information on the specific behaviors of metastatic versus non-tumorigenic cells. The loss of E-cadherin and integrin, indicative of EMT, is a putative event for AdCC metastasis and the induction of tumor cell dissemination from the primary tumor site. Furthermore, the significant up-regulation of connexin 43 mediates heterocellular contact and induces cell migration through the mesenchymal tissue and extravasation. Alterations in integrin expression could also be crucial for the tumorigenicity of AdCC. The mouse metastasis model established here should prove to be a useful tool for AdCC metastasis research and clinical treatment trials, including further translational research with DNA microarrays, particularly the functional analyses of acquired genes.
